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I. INTRODUCTION 


This progress report for NASA contract NAS 5-24445 covers the period 
15 February to 15 May 1980. Work is currently going forward on several 
fronts: The prototype mirror was successfully replated with a thick layer 

of nickel and diamond turned again. A comprehensive study was made of 
optimizing the sensitivity of the instrunmets» depending on the filter 
nuaterial, and on the available telemetry. A critical analysis has been 
carried out of the JHU Preliminary Project Definition Document. We have 
submitted to JPt an updated description of the instrument papameters for the 
Explorer satellite. Further studies of the electron cloud distribution 
produced by a channel plate have been done, and a wedge and scrip anode with 
17 quartets per inch was shown to image with better than 0.5% linearity. 

Half the mierochannel plates being used in the lifetest have been through 
initial processing and are mow in Che lifetest vacuum chamber. 
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II. SUMMARY OF STATUS 


TASK 

DESCRIPTION STATUS 

Previous reporting period Current 

reporting period 

1 

Optical Technology 



1-X 

Performance Requirements 

Completed 

Completed 

1-2 

Sample Evaluation 

Completed 

Completed 

1-3 

Design Proto-optic 

Completed 

Completed 

1-4 

Procure Proto-optic 

Second diamond 

Second diamond 



turning in 

turning 



progress 

completed 

1-5 

Evaluation 

In progress 

In progress 

1-0 

Environmental Testing 

TBD 

TBD 

2 

Image System Tradeoffs 



2-1 

Field of View OptimlKation 

Completed 

Completed 

2-2 

Spin-ra Ce Dependence. 

Competed 

Completed 

2-3 

Update KUV Background 

In progress 

In- progress 

2-4 

Review RFP 

In progress 

Completed 

3 

Detector Development 



3-1 

Alternative Process Development 

In progress 

In progress 

3-2 

Specification and Procedure 
Definition 

Completed 

Completed 

3-3 

Procurement 

Completed 

Completed 

3-4 

Tost and Evaluation 

In progress 

In progress 

3-5 

Environmental Tes t ing 

TBD 

TBD 

3-0 

Evaluate Redundant Configuration 

In progress 

Completed 

4 

^tuut or Me chantsmp 



4-1 

Design 

Completed 

Completed 

4-2 

Fabrication 

Completed 

Completed 

4-3 

Evaluation 

In progress 

In progress 


Summary of Status, cont. 


TASK 

DESCRIPTION 

STATUS 

Previous reporting period Current 

reporting period 

5 

Filter Development 



5-1 

ProGureracut 

Completed 

Completed 

5-2 

Evaluation 

In progress 

Completed 

6 

ProcessinR Electronics 



6-1 

Design 

Comple ted 

Completed 

6-2 

Procurement 

Completed 

Completed 

6-3 

Breadboard Checkout 

In progress 

In progress 

6-4 

Environment al Evalua tion 

TBD 

TBD 
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HI. T A SK. 1 OPTIC Al . TECHNOLOG Y 

Prai:ot:ype O pbl cs Fnbrl catlot i — The mirror Wtts replaced with 0.005" 
of electroless nickel, and was diamond turned again, and optically cesied. 

The diamond turning was not without its difficulties. Unlike the aluminum, 
the nickel caused tool chatter when it was first attempted to machine the. bore 
of the mirror. We then placed large springs wrapped around the outer perimeter 
of the piece, which succeeded in almost completely damping out the chatter. 

We then proceeded with the dlamont turning, which wont smoothly thereafter. 

The mirror was then optically tested. The figure was as good as before, and 
the mirror imaged well. The only difference from the diamond turned aluminum 
surface was that the nickel has somevdint more pronounced residual tool marks, 
resulting in visible diffraction from the, surface, llovwvcr, these tool marks 
will cause no problem for the polishing phase, where the. main problem is 
removal of the ripples of up to an inch in wavelength. The polishing will 
begin shortly. 


IV. TASK 2 IMAGE SYSTEM TRADEOFFS 
Op tim is ation o f Telemetry Rate — In the process of optimizing the 
complement of filters, it became clear that a definitive study was necessary 
to determine the effects of telemetry on sensitivity. A comprehensive 
.study of this matter is nov>’ under way and will be reported on as part of 
the next quarterly report, A preliminary conclusion is that the Al/C filter, 
representing the most Important EUV bandpass from 150 - 350 K, is in a 
telemetry limited regime. That is, its sensitivity is increased by the square 
root of the factor by vdiich the telemetry is increased. The other filters 
arc also helped by a gain in telemetry. 
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Spin T e lemetry, etc. — APL produced a proposal regarding 

spacecraft design parameters, some of which might have an adverse impact on 
the useful scientific return from this mlssiovt. We prepared a critique of 
the salient poin'-a, including the relation between data rate, spin rate, and 
downlinking capabilities. A detailed report is included as Appendix 1. 

V. T A SK 3 DKTRCTOR DEVELOPiffiNT 

MCP* s and Anode s — We have remeasured the spatial distribution of 
the charge cloud exiting the rear of a chevron pair. The cloud has a MIM of 
1.40 ram at a MCP to anode spacing of 6 mm, with a ~300V bias. This is smaller 
than that given by the previous less accurate measurement, imd confirmed the 
need for a denser wedge and strip array in order to achieve good linearity. The 
original anode, with 4.2 mm per quartet, did not function properly. Guided 
by the now data, the .'mode was reduced by a factor of 3, givluj>, i.4 mm per 
quartet, and the resultant nonlinearity at 1 cm spacing was less than 0.5%. 

A new anode, with 1 mm per quartet, and requiring no through holes, is being 
developed. This will be a 1" x 1" prototype, and If it works out as antleipated, 
some full 3" x 3" anodes will be built. Reports on both the charge cloud 
size and on anode development v^ilX be included in the no <t quarterly report. 

MCP Life T est — The lifetest facility is currently in opi?,ratlon 
with about half the complement of MCP's installed, and data are being collected, 

A brief progress report is included as Appendix II, 

VI. TASK 4 ACTUA T OR MECllMISMS 

All work on the mechanical assemblies is now completed except for 




environmental testing. 


VII. TASK 5 FILTER DFAT.tOPMNT 


We have now concluded our study of alternative filter materials. 

We have found that the tltanlum/antimony filter Is exceptionally gaod, 
providing a new EUV bandpass from /tOO to 520 R. Also, the material seems 
extremely stable against environmental degradation, making handling of the 
filter an easy task. The sensitivity of the filter is also quite good, 
since its transmission occurs betvjeen the bright 304 R and 584 R airglow 
lines. As shown in figure 8 of Appendix III the. Tl/Sb/Ti filter is a full 
factor of five mure sensitive than the other filters in the 200-900 R 
region. FuU details are given in Appendix III, which completes tlu- filter 
development study. 


m. _TA BK a .. IMO C EBSING ELKCT RC^ ICg 

Bx'eodboards of the oleeti’onic circuits have been Individually checked 
out and they operate satisfactorily in most cases. The amplifiers, though, 
are being redesigned in order to handle tlie large capacitance, of the wedge 
and strip anode with no adverse effect on the gain. Another circuit under- 
going some degree of revision is the PPA. A critical component of the PPA is 
a DAO, and the current design Includes an 8-bit DAG with 1/4 LSB accuracy. 
This allows tlie 256 x 256 pixel image plane to have pixels whose are can 
vary by as inu>'h as + 50S, theoretically, (In practice, much better results 
are generally obtained). In order to avoid this circumstance, we are looking 
at incorporating a 12-bit, 1/2 LSB DAG into the circuit, wltlch should give 
pixels with better than •• 3." uniformity. Additional pTogreas includes the 
nearly complete wiring up of the electronic component.s not affected by the 
above mentioned changes, and a GSE for opei'ating and testing out the complete 
electronics system has been completed. 


ATTACHMENTS 


Appendix 1 . 

Appendix II. 
Appendix III. 

Appendix IV. 


Technical CrlClQue of JHU Preliminary Project Definition 
Document. 

Interim Report on MCP Life test. 

Final Report on Filter Development for the Extreme 
Ultraviolet Explorer 

EUVE Instrument Parameter Update, 
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1. IN TRODUCTION 

This tttchnical critique conatitutes part of the U.C, Berkeley quarterly 
report for work accomplished under contract NAS 5-24445. 

As part of Johns Hopkins University's Applied Physics Laboratory Study 
of the technical and operational feasibility of the Extreme Ultraviolet Ex- 
plorer mission, a preliminary project definition document was prepared. 

That document, SGO/STO-916 (dated October 1978) has been made available to 
the UC Berkeley EUVE team for comment and updating. Some portions of the 

JHU study address management tasks specific to GSFC/JHU program procedures 
(e.g. sections 1,3, 1,4, 1,4. 2) and will not be addressed in this report. In- 
stead we shall cite those areas of the JHU document in which technical devel- 
opments or engineering experience have introduced revised or refined esti- 
mates of the baseline KUVE mission requirements, 

■ 2. nOlfflLINK REQ UI REME N TS, & I MPLEM ENTATION 

The JHU document baselines a scientific data rate accommodation of 
3200 bps during darkness (see Sections 3. 4, 4. 5, 4. 6, and Summary Table 1), 
This figure was adopted from an earlier (1976) document stipulating 50 pho- 
\tons per second (800 bps) per telescope as a minimum acceptable scientific 
• return, 

However, that figure was never intended to represent an optimized sci- 
ence throughput, and the EUVE Science Team has since conducted a study quan- 
tifying the dependence of sci'mtific value (parameterized by survey sensi- 
tivity) upon telemetry data rate. The study shows that, under the background 
photon-limited conditions encountered in EUV astronomy, the sensitivity in- 
creases with Increased dowlink data rate. Moreover, this sensitivity vs 


bit rat® curve hai a tlop® that dependa on the particular waveband within 
the BUV, Gonaequently in a miaslon optirolKed for aulentific return, the four 
teleacopeB would Ideally occupy differing fraptlon» of the data itream, 
rather than each being assigned a fixed 25% of the science. A companion re- 
port summarising this study discusses these options and shows the desirabili- 
ty of providing a total nighttime science data rate considerably higher than 
the JIU figure. 

Related to the downlink requirement is the complex subject of "imple- 
mentation. The JHU report identified three areas needing further study be- . 
fore a downlink system could be baselined. First, onboard data storage is 
required to span portions of the orbit for which both TRRS spacecraft are 
• below the horizon; tradeoff between dual tape recorders versus bubble mem- 
ories should be examined . Second, tranaponders having T compatibility 
and an adequate power margin to handle the downlink traffic remain to be . 
Identified. Third, the perhaps most critical unknown revealed by the JIU 
report is the questions of which downlink antenna will best serve the EUVE 
mission. Their recommendation was a pair of blconlcal pattern antennas 
oriented along the plus and minus spin axes. Each of the four beams would 
have a gain of 7.7 dM. However, if an active electronically steered an- 
tenna were otherwise compatible with the mission, such a device could offer 
substantially greater link margins and/or data rates. A re-exminatlon of 
those options ought to be made a high priority item. 
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3. ATTITUDE CONTROL AND SPIN RATE 


Thfi JHU raporc baielineg a concinuouil^ rotating spacecraft whose spin 
axis is kept within one or two degrees of the solar direction by the use of 
magnetic torque coils and an onboard sun sensor and control box (see JHU 
sections 3.5,3.10,4,8,4.12, and Sunimary Table 1). This basic system layout 
appears to us to combine the advantages of autonomous attitude control with 
a simple and potentially reliable onboard control system. 

However, the choice of spin rate is governed by the alternatives chosen 
in several hardware-dependent areas. JHU has recommended a spin rate of 
0.1 rpm, a rather low value which wo feel may have been forced by their adop- 
tion of the Ball Brothers CT-401 Star Camera as a precision attitude deter- 
mination sensor. Other sensors are available which offer potentially lower 
initial cost, simpler interfacing, and lower continuing data analysis coats 
for attitude, determination, while providing adequate attitude accuracy. One 
example is the Ball Brothers CS-201 Star Scanner. Its use may allow or re- 
quire a somewhat higher spacecraft rotation rate. A higher rotation rate 
may, in turn, eliminate the need for an onboard momentum wheel. Other sen- 
sors probably exist, It is important to examine the range of candidate star 
sensors prior to adopting a nominal rotation rate. 

A second constraint on the spin rate is the scanning blur accompanying 
the detection and telemetry of EUV photons with finite timing bins. This 
constraint taken the form of an upper limit on spin rate which is proportional 
to the bit rate of the slowest-telemetered scanning telescope. Since the 
overall spatial resolution target is 6 arc minutes (0,1°) for the EUVE mission, 


« 


it iecffls rtflionable to budget about 3 arc minutsi for the motional blur term* 
At one rpiui three arc minutes corresponds to a minimum of 1^^20 bits per sec- 
ond per scanning telescope. 

A third potential constraint on the spin rate Is applicable if no mo- 
mentum wheel is used. The stability of the spin axis orientation is very 
Important in the reduction of the aspect sensor data for reconstructing the 
astronomical survey. Tills stability is hindered by the gravity gradient 
torques but is improved by storing a large angular momentum. A spin rate 
of l.S RPM provides the same angular momentum as the Sperry/CTS wheel re- 
commended In the JHU report (Section 4.8.3). 

A fourth potential constraint on the spin rate is the impact of an ac- 
tive, electronically steered antenna, which may introduce a latency gap in- 
to the downlink data flow each time a beam reselection Is necessary. 

4. RECOVERABIUTY BY ORB ITER 

The JHU document assumes that chore is a requlroc’enc that the EUVE 
spacecraft be recoverable from the Orbiter. Their baseline layout includes 
an RMS grapple fixture, and their propulsion system is sized to allow the 
EUVE to descend from its 550 km STS orbit. 

In the UCB analyses of the mission profile, however, the probable bene- 
fits of recoverability are minor and the costs could be considerable, Three 
scenarios have been studied in whicli recoverability could bo useful, but in 
none of these cases would the cost and STS time and safety impacts be easily 


justified, A case one recovery might be beneficial immediately after release 
by the STS, if some BJVE failure were discovered that would compromise its 
mission. We would suggest that this kind of failure probability be minimized 
by prelaunch checkout preparations, and a possible brief checkout of criti- 
cal EUVE sypr .a when in orbit prior to release from the STS. The possibili- 
ty of recovery shortly after release is complicated by the safety require- 
ments to dump propellants prior to grappling. In the event of the failure 
of some critical EUVE system, safety considerations may not permit recovery, 

A case two recovery would be useful if some J^UVE failure occurred after 
ascent to the 550 km orL-it. However, the recovery costs in this case are 
considerably greater because the EUVE must now perform a descent to STS al- 
titudes, and Che Orbiter crew mur-t become involved with a rendezvous which 
could be rather time consuming. 

A case three recovery might be envisioned at the end of the nominal one 
year EUVE requirement. There is no science requirement for post-mission hard- 
• ware recovery. 

If the EUVE is to be recoverable, the attitude control system would be 
impacted. In particular, there would be a possible need for a reaction wheel 
on board the EUVE. It is likely that EUVE could be grappled only if it is 
nonrotating. For stability in the presence of gravity gradient torques a 
momentum wheel may be essential. 
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5. TELESCOPE AND DETECTOR ADVANCES 


Although the JITU report did not specifically deal with details of the 
scientific experiment package, we note here that continuing research in the 
areas of optics design, EUV filter technology, and detector technology have 
made some of the Instrument descriptions obsolete. An update on these areas 
has been prepared separately (see EUV Explorer Instrument Description, UCB 
SSL draft of 15 May 1980). 

6. CONCLUSION , 

We have reviewed the recommendations of the JBO ATtplled Physics labor- 
atory and found several topics needing further examination. The areas which 
need additional near-term study in firming up the EUVE mission profile are 
the downlink implementation and the spin rate/ACS tradeoffs. * The results of 
decisions taken in these two areas will have important consequences £o'' the 
other aspects of the mission plan. 

We recommend that. EUVE not be recoverable from the STS as we do not 

believe the added benefits warrent the cost involved. 

\ 
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1 ) ii P c st Facili ty : 

LifetGSt tank has been pumped down since 4/22/80 with eight pairs 
of plates installed and connected to IIV and monitoring electronics. 
Within one week after piniiping (^nv'n it was noticed that the Hamamat- 
su and Amperex plates had backj.-.snd rates of several hundred per 
second. The Hamamatsu plates W( i disconnected from the HV on 
5/12/80 because it was determineu that they were the cause of the 
high background rates on all other plates. Thirteen hours after 
the Hamamatsu's were disconnected a pair of Galileo plates sudden- 
ly became very active and this_ resulted in increased count rates 
in its two closest neighbors. ‘On 5/14/80 the Galileo plates were 
causing so much noise in the other plates it was necessary to dis- 
connect them from the IIV. 


Today there are six pairs of plates running: Amperex, Litton, ITT, 

Varian, a chevron pair from Galileo and a saturable plate from 
Galileo, All have relatively low (<30 cps.) backgrounds, except the 
Amperex, which sometimes climbs to over 100 c.p.s. The disconnected 
Hamamatsu and Galileo have been briefly reconnected at times and the 
result is an immediate ■ cl imb in the. count rates for all plates. 
Pressure in the lower half of the tank is a,4 x 10"' Torr, pressure 
in the upper half is '^^7 x 10 “® Torr, The tank will be brought up 
to air within a few days for leak tpsting, addition of newly cali- 
brated plates and modifications such as shielding and repositioning 
of plates, 

Problems ^ 

1. Why does a noisy plate cauie increased counts in other 
plates? (Also the image from a noisy plate is noticeably 
affected by which neighboring plates arc connected to the 
HV) . 

electronic crosstalk? (this has been cliecked) 
ion production by noisy plate? 
increased outgassing by active plate? 
electric fields? 

2. How can the plates be isolated from one another? 

simple electrostatic shielding around each holder? 

(this will be tried) 
major revision of lifetest tank 

3. Why are some plates becoming so noisy? 


4 . 


Why is there still such a large pressure difference be- 
tween the top and bottom of the tank? (it will be leak 
checked) 

5. How can the pressure in the top half of the tank be moni- 
tored continuously without flooding the plates with ions? 


2) Gerry’s Tank 

This tank can be pumped down from atmospheric pressure to a pressure 
for operating MCP's in about 15 minutes, so it is ideal for trying 
quick experiments. Experiments can be done on the pair of Nitech 
plates which Jay Freeman fried in his corona experiments and on a 
pair (Varian?) which has been sitting in the N 2 cabinet which has 
one broken plate. 

Some of the things to investigate are; 

ion feedback 
corona discharge 
effect of o-ld hot spots 
dust 

cleaning with alcohol 

fingerprints 

moisture 

. hairs and lint 

baking out under vacuum 
baking out at atm. pressure 
’Cleaning with LN 2 
.reverse voltage 
short circuits between shims 
. ■ funnMng broken plates 

running two sets of plates and moving them close to 
• and. away from each other 

hdw:,hard it is tc break a piece of the broken plate 
by dropping, cracking, crushing, scratching, chipping, 
thermal expansion, etc. 
other ideas? 

3 ) Plates still to be calibrated 

These include one pair from ITT, Amperex, Hamamatsu, Nitech, 
another pair from Nitech and a saturable plate from Galileo. There 
is also the fried Nitech pair and the broken (Varian?) pair. Chris 
and Pat have run a Nitech pair and the ITT pair and had bad problems 
with both. Calibration of these plates should begin Friday or 
Tuesday. 
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SUMMARY 


We report below on the reaults of the filter development contract 
NASS~24189 for the Kxtreme Ultraviolet Ksplurer (KUVE). 'fhe purpoaea of 
the, study Vv-ere to identify, develop, and evaluate thin film filters with 
EUV bandpasses unattainable with previously available filter materials. 

In the early stages of the study, titanium and antimony were identified 
as the most promising materials for providing the scientifically Important 
350-500 R bandpavSs heretofore unattainable with thin film filters. A 
subcontract was let to the Luxel Corporation, who succeeded, after overcoming 
a number of technical problems, in fabricating pure titanium foils and 
titanium-antimony sandwich foils of the retiulred uniformity and durability, 
Transmission measuremeuts and optlmination stndd s performed at Berkeley 
Indicate that the titanium- antimony combination provides an ideal bandpass 
for scientifically valuable, high-sensitivity obsei*vations with RUVE. 
Environmental testing of the mechanical strength, moisture sensitivity 
and aging characteristics of the newly developed filter materials demonstrate 
completely flightworthy perfoi'm.ince. The titanium-antimony filter will 
be a valuable addition to the EUVE filter complement. 


I . INTRODUCTION 


BimdpaHs fUun*s iu*c» oasi'iicial to F.DVE bocmmo of tlu' sonsltivlty of 
tho KUV dotoctors (mlctoohannol plato«) uo far UV radiation (1000-3000 X), 
a band in wbldv the «ky and moat point sourcoB are mucl» brlRUtor than in 
tho EUV, and to charged partielea. In addition, filter tnaterials and thlclc- 
noBBOB can be selected to minimtr.e the background from the Btrong geocoronaX 
and interplanetary EUV linea aueh as Hel H and Hell 30A whose 
diffuse emissions would otherwise seriously impair the sensitivity of a 
photometric meamire.ment. Furthermore, broadband RlIV filters can perform 
the same scientific function as optical photometric filters, that of 
providing InuUc information about the tvmperaturo and uhemical composition 
of a source, while maintaining high sensitivity. 

RUV radiation does net pass through any thick crystal or stretched 
plastic sheets such as used in the far UV or raft N-ray respectively. 

The filter materials used in the F.UV must he only a few thousand S 
thick to he suf ‘iclently transmitting for use. on RUVB. Fortunately, vaeuum 
deposition techniques have been developed over the years to .allow the 
f.'ihricatlon of large area, durable filters of metal and plastic as thin as 
1000 X or even less. 

The buselinod filter complement for EUVK was drawn from the commerclall 
available and space-qualif iod materials used in various solar, atmosplierlc , 
and celestial experiments prior to the original EUVE proposal. That 
filter complement included: 

1. Farylene. Parylene N is ji plastic material which can he vacuum 


deppHlted like a raetal to form a flXter a« thii* ns 1000 %, This provides 
a bandpass from 44-300 iR which is excellent in the study of sources in 
the tranHltion ''eglon between the soft X-rays in the KOV. This is the 
KUV hmidpass with the largest visibility through the lutersteller 
medium. The tu'non wavelength of the parylene - filtered teleseope 
is determined by the design of the grusing incidence optics. The long 
wavelength cutoff is set by the thickness of the filter itself, selected 
for optimum sensitivity. 

2. Aluminum. Alumlmmi has been the workhorse of EIJV astronomy. 

It is sensitive from 180 to 600 X, yet is opaque to the far ultaviolot. 
h’hen used in combination with a thin layer of carbon to reduce the 
throughput of the bright 304 R background line, it yields a 180-350 % 
bandpass, making it tlie most important filter for purely UUV astronomy. 

3. Tin. Tin lias an excellent window from 500-750 R. Its biggest 
drawback is the presence i . tlm bandpass of the strong interplanetary 
584 R line. 

4. Indium. Indium has a window reaching from 750 to greater than 
1000 R. If made sufficiently thick, its grasp can be restricted to lie. 
below the 912 R Lyman edge, making it a truly EUV filter. The strong 
absorption of the interstellar medium near the Lyman edge I’cstricts 
observations through this filter to only the nearest stars. 

The imist striking failing of the filter complement described above is 
the lack of a filter to cover the 350-.500 R band, between the bright 
304 R and 584 R background lines. This central region of the EUV has 


Tfar-srr.ttince (fS) 


gmic potential, It Ilea «t wavelengths anfflelently removed 

from the Lyman edge that vlHlbility Is still reasonably good through the 
ISM. However, this bandpass Is the range In whleh the EUV flux from n 
number of sourees such as hot white dwarfs will be turned over by 
Interstellar absorption, so it e«n provide important information about the 
local ISM. In addition, the exelusion of the strong background lines 
from the bandpass allows great inereases in sensitivity to be attained. 

For these reauon.s, the PdSVK filter development study coneentr«ted on 
materials with potentially useful bandpasses In the 350-S00 X range. 

II. SKLKCTION AND FABRICATION OF NEW MATERIALS 

The most promising materials for eeverlng the 350-500 X bandpass 
were identified through a search of the literature ou the transmls..lou 
properties of thin foils and through discussion with experts in the 
fabrication of sucli foils. The best ompilatlon of transmission data is 
given in Samson's Teehnidues o f Va cuum Ultravi olet S pectroseopy. The 
materials selected for fabrication after these investigations were 
antimony and titanium. The transmission properties of these materials 
as compiled by Samson are shovm in Figure 1. 



The existence ef tranHwlssion data such as this showing approprlat# 
passbands does not guarantee the sultablUty of the Material for the P.UVB 
application for several reasons. First, the transmission characteristics 
arc typically well knowit only In the peak transrolasion range of the 
material. The sensitivity of the EUVE detectors to a wide range of 
wavelengths makes it eaaentiul that there he no secondary window in 
addition to the basic astronomy window. Even residual transmissJon 
in the wings as low as 10**^ can ho unsatisfactory because of the existeneo 
of the extremely strong hydrogen hyman a 1216 ^ diffuse background line, 
lienee, a thorough investigation of the entire detector sensitivity range 
Is essential for qualification of an EUVE filter. 

Second, the transmission data for such materials are tinidiclonally 
determined from extreraely small foils and measured immediately after 
their fahrleation. Uence it was never previously determined whether 
uniform, mechanically durable foils of sufficient slse could he fabricated 
from these materials. Furthermore, no data existed on the longterm 
stability of the thin foils, which are in general susceptible to pinhollng 
duo to ambient moisture and to slow transmlHslon decays with time from a 
variety of causes ovon in the absence of moisture (Increasing oxidation of 
the surface, formation of intentietalllc compounds in sandwich foils, 
etc. ) . 

hence, it was the purpose of lus study to sviccess fully fabricate 
large foils, verify the suitability of the overall transmission characteristics, 
and verify the mechanical and longterm transmission stability essential 
for space application. 


Fabyieiition 

The fobrlenf ton efforts were subcontraeted to the huxel Uorporatlw» 
whose president, Gordon Steele, has performed pioneering research in 
the fabrication of thin film filters. We review here the fabrieatlen 
efforts that led to the final result of the filter study, a titanium- 
antimony combination foil which is strong, stable, and well-suited to 
high sensitivity observations with EUVB. 

There are three conventionally used tc'clmiques in the deposition 
of metal films! evaportatlon from a tungsten filament, evaporarion 
Prom a heated crucible, and electron bowbardraent. Tlie fabrication 
difficulties presented by antimony reijuired experimentation with all 
three terlmitiues before a successful approach was found. 

Tl»e tungsten filament deposition tcchnlq’w- relies on wetting of the 
tungsten filament with the metal to be deposited. The metal ev.aporatcs 
from the hottest part of the filament while new metal is drawn to the 
evaporation point by capillary action. The properties of antimony 
render It unsuitable for this technique. The. evaporation temperature 
of antimony is sufficiently close to Its melting point that as soon as 
the metal is boated enough to flow, it flush evaporates, stopping the. 
wlcking action and preventing smooth deposition, It is sometimes poaslble 
to overcome this type of problem by '’tlloying the unsatisfuctory material 
with small percentages of another metal. Such alloying agents must not 
only be chemically suitable, i.e. must not form Internietallic compounds, 
but must not disturb the valence electron density so as to preserve the 
bandpass transmlsision. It was hoped Chat germanium would permit; smooth 


Ui'jHViitlim whtm alloyed wtt.ii antimony, but «ueh attempt* were un*uooe»Hfuli 

With the heated crueibie technique, it t* pounthle to produce a wore 
eouMtont Ueponitten rate, and anttwony foils can be produced by thl* 
process. However, pure iintiwony foil* reveal two mojor problem*. Tisey 
are found to be extremely moisture BCUHltlve, developing pinhole* if 
there 1* any re«idual moisture in the organic xolvent u«ed to releane 
the depoBited foil from the ee ramie substrate. Second, even foil* 
Buceesufully relemied trom the substrate are found to be extremely non- 
uniform. The antimony atom* move along the Hurfaee of the ceramic 
HubfUrate until nucleation center* form, leading to unaceeptable 
irregularitie* in rhlekne** ,’md tranHmiHBlon. 

Deposition by electron beam bombardment permit* all of the above 
problemB to be overcome. This technique i* eHsentiol for the deposition 
of titiinlum, whose melting point In too high for the filament or crucible 
techniques. The electron beam technique permits deposition of uniform 
titanium foils, which are interesting in their own right for KUV astronomy 
appl ICMtlons, and which provide the solution to the antimony ialsrlcatien 
problems. Thin titanium films perform a* un active nucleating surface 
and a protective overcoat layer when deposited 1 1 fore and after an 
antimony layer in rapid sequence in a single vacuum. Wiercas 1500 K 
thick pure antimony films exhibit a mottled transmission in the red, 
evidencing the non-uniformity, the same thickness deposited betVvven two 
100 K thiek films of titanium is uniformly opaque and demonstrates a low 
suseeptibUUy to pinhole formation during processing. 

These experimental consideratiens led te the eventual selection of 


fUtw* fahriiMted by Luxe! ond dc'ltvi'rt'd to tho Spaoo Laboratory 

for toHting and quaUfioatlon; puro titimlum flltors of SOfl % and 1000 K 
chlokno8«i and tltuntum-unclmony Jtnndw’ioh fllteri of UOO 8 antimony botwoon 
iOO X layer* of titanium. 


m. TRANSMISSION MRASURKMHNTS 

TrauHintwHion moamtremonta of the Luxol filtorR wore carried m - in the. 
P15V calibration facility here at the Space Sclenee.B Laboratory. Hjo darn 
which muat bo detorndnod are the abBorptlon eoeffielents of pure ontitnony and 
titanium and the rrmiHiniRHion charaeterlBtieH of any oxide layer chat forms 
on Che toils. This d.ita is neeessary for determination of the optimum filtei* 
denlpn for LUV’^l, given the optlcB deolgn» detector performanee, and available 
telemetry, The optimisation procedure, whleh determines the filter thickness 
with highest sensitivity and greatest seientific return, is deserlhed in a 
later section, No pure antimony foils were made (for the fabrication reasons 
described in the las'- section). Nevertheless, the necessary separation of 
absorption uoi fficients can be made by measuring the tranmnlsslons of 
titanium films of different thicknesses and of the sandwich film, which 
pi-ovldes enough independent data to solve ^or the three unknowjs, 

The transmission measurements were performed using a gracing Incidence 
monoehri'mator to select line radiation from a hollow cathode discharge source, 
The detector used was a calihr.ited one inch diameter channel electron 
multiplier (channeltron) . The dynamic range of the detector was extended 
using ealibrated meshes to attenuate the direct monechremator heam, All 
measured count rates were corrected for elcv-tronlcs dcadtime, and off-line 
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bafkp, round moasurcmoncs permitted the subtraction of spurious counts due to 
scattering in the monochromator. 

TransmisHions were measured at wavelengths from 130 X to 2300 X. For 
some wavelengths far into the wings of the filter bandpass, only upper limits 
could be found to the transmission. These upper limits are sufficiently low 
that the sensitivity of BUVE using the optimum thickness filter of these 
materials is independent of the actual value of the transmission for these 
far-off bandpass wavelengths. 

The transmission curves for the two titanium thicknesses and titaulum- 
antlmony sandwich are shown in Figures 2-A. This Is the raw data except for 
removal of the 80% transmission factor of the nickel support mesh on which the 
films are mounted. These transmission curves sliow several interesting 
features. The titanium transmissions confirm the existence of a second 
transmission window from 250 X to X-ray wavelengths not shown by Samson, but 
reported by Sonntug e.t (Solid State Communications 2> 597, 1969). The 
overall behavior appears to be that of a broad transmission window beginning 
at a. 700 X and containing a strong absorption line at a. 300 X. 

The predominantly antimony filter also showed the same overall trans- 
mission behavior as in previous studies. However, when actual antimony 
transmission was separated out, it was found that the pure antimony trans- 
mission was a factor of three higher than previously published results 
(Rustgl, JOSA 5J.» 630, 1965). We obtained a maximum of 85% transmission for 
an HOC) X thick antimony foil, whereas Rustgi reported 25% maximum transmission 
for the same thickness. 

Examination of the Rustgi reference revealed that the antimony foil 









u;u*d for that imMHureuK’at luul b»’i‘U Ui'J'obUihI on alumtmim, and thon tho eompoHiU' 
foil v^asi float I'd oft tho mibatinito In watoi*. Thin cannot have given a valid 
meafuireincnt , ninee the intermecallic compound aluminum antlmonlde would liave 
termed at tho intorfaco and tho outer lavor of tlie antimony would have been 
heavily osidiaed Iiy the direct exponure to water. The foila produced by Luxe! 
however, are Tl/8b/Ti aandwlchea in whicli all three layers are vacuum 
depv’iiited at the same time, removed from the substrate In an organic solvent, 
and kept In a dry atmosphere thereafter. Thus there in no intermetallle 
compound formed, nor any antimony oxide. Our measurements should therefore 
give the I rue absorption coefUclent for antimony. 

The separation of the absorption eoof ficients is porformed using 
tlu' following relationships; 

T(MHl) ^ explU.,^,^ ^ 1 'tIU^'\io 1 t-Kri f • 

Tuoao) » *- t-%(. 108)1 

TC.s'b) n oxpKltj.^ - ^'rio'’*\iO^ [”li.^.^(.0-'0)] exp ifdi ] 

T(500) and Ttl080) are the triuisnilssions of the ^lOO ami 1080 K thlek 
titanium foils, T(8h) is the tr.msmisslou of the sandwieli foil, X,„ , ^ is 

no 

the thickness of the oxide layer formed, and are the absorption 

ooeltictents oi titanium, antimony, and tiu' oxide layer, measured in microns"^. 
One ean solve for ami exi'Kll^,^ ~ ^*TiO^’\iO^* yielding die ahmn*ptlon 

data necessary te prediot the transmiss tens of filters of different dilckness 
and hence optimise tlie KOVI' design. The tlerlved oeeffi,’ units are slunai In 
Figures 'i**?. 
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IV. BCIENTIFIC FOTCNTIAL ON EUVR 


Tin' achievable Hcnaltlvity of the KLtVH using the newly ijevelopeU 
filter materials lum been Ueterrained using the filter optlminatlon procedures 
developed for EUV astronomy here nt the Space Sciences Laboratory, Tlie 
overall sensitivity of EUVE of course depends on a wide, range of ins- 
trument parameters: telescope sise, field of view and angular resolution; 

detector quantum efficiency and spatial resolution; observation time and 
telemetry rate; filter transmission properties. All are subject to 
various constraints. Given a baselined instrument design, observing time, 
and telemetry capability, filter optiraiKatlen consists of determining 
the filter thickness which yields tlie smallest detectable flux. For a 
sandwich filter thicknesses of the two filter materials are varied 
independently In the search. The x'osulting minimum detectable flux 
defines the Instrument sensitivity. We briefly summarise here the 
optlmiaac ion procedure. 

.4^, Tl^eorv of Filter Optimi sation 

A source lias been detected with dU.q‘'i confidence if the numher of 
counts due to the source (in the source pixel) is at least three times 
the squai’e, root of the average numher of counts In adjacent (background) 
pixols. This reqtilrement leads to an expression for tlie minimum detectable 
flux, F, in photons s cm A assuming that the source spectrum is flat 


v\?itliiu the bandpass. 

R f^ 

0 

[A A(A)d\] (1 - 


F=3‘S; \ A /t(\)IK\)d\ 
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whin*e 

T » totiil observing time 
w * 8oUJ angle observed by one piKol 

A •» effeeclve area of teleseope x quantum effieieney (QK) of 
ileteetor (assumed to bo constant throughout bandpass) 

t(*\)'5 filter transmission at wavelength \ 

B(X)“ background fluK density at X 

-1 -2 

•» detector baekgound per unit urea s cm 
f ■ teleseope foeul length 

“1 

tm * telemetry limit (ets s ) 

R ■ total count rate of detector (ecu s”^) 

The computer routine utilised to optiaiKe the filters for EUVE 
ineorporates all of the data necessary for evaluating the minimum detectable 
flux P. It calculates an instrument throughput for every 10 R interval i 
aceounting for variations in teleseope resonse, doceetor quantum efficiency, 
and filter transmission with wavelength, It includes all kno’i^n sources of 
diffuse radiation background from 10-2000 R, as well as theoretical estimates 
in poorly measured regions of the sped rum. It calculates the minimum 
detectable flux for a given filter thickness or pair of thicknesses# In 
addition, it computes the mean wavelength, the total grasp and the grasp 
shortward of a chosen wavelcagth, vdiieh permits a docerminat ton of tlte 
approximate bandpass of the filter. (Orasp is defined as /t(\)d\.) 

The computation of tlu' mean wavelength and grasp belc>w a specified 
wavelengtli allows additional scientific judgment to be applied to the. filter 
optimisation. It is not necessarily true, for exar.iple, tluit the optimum 


dcBign of 0 aaiulwich foil is chat ooniblnation of thiokneawos which ylems 
the lowest fflliilmum decectnble fluK. Maximum scleutifle tecuvu from EWE 
r»;<uili*ea that handiniisas of the various filters remain distinct* llonce 
while an aluminum/earhon achieves the maximum sensitivity as the aluminum 
thickness goes to Koro, such a design would not be chosen since the 
i-eaulting bandpass would be identical to parylene. Hence an external constraint 
on the bandpass properties is sometimes imposed on the filter design and 
optiffllaation takes place within that constraint! 

JL ^ Semsitiyit^^^ ftn * titan ium and an t imony 

Both titanium and antimony transmit well in the range from 400-500 
Optimum sensitivity results when the materials are used together. Pure 
titanium is inappropriate for covering the 400-500 X bandpass because of 
the transmission window below 250 Pure antimony can be improved by the 
addition of titanium because the titanium transmission falls rapidly above 
500 K, while that of antimony falls more slowly. Pence the addition of 
titanium attenuates the strong 584 K background flux while preserving the 
primary bandpass, 

The minimum detectiihle fUix has been minlraiaed with the requirement 
that less than 1% of the grasp lies shortward of 350 %. Relaxing this 
requirement to 10" does not Improve the sensitivity by more than 2QS. With 
the L" constraint the optimum combination is 1400 % of titanium sandwiching 
1000 ^ of antimony. Such a combination presents no fabrication problems. 

The resulting sensitivity of PUW: with the tl taut ium/ant imony sandwich 
filter and the previously qualified filters Is shewi\ In Figure 8. These 
seniiitivities are derived assuming the ha.sellned instrument parameters and 
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Che hflgelitwd ceU'mecry I'flte of 800 btcii jior Roeond per tolcRcope. The 
bandptwaan Rhown are defined m Che full widch to 10* of waxlmim inRCtuimnct 
throughput, A bettor repronencatlon of the Hpeocrul eovorago of the filters 
now avuiiablo 1« given by Figure 9, whleh pre«enC« the cranHml«»lon curve* 
for the optimised filter of each wateilal or combination, 

Tlu'Ho figures dramatically illuRcrotc the Bclentific potentl.nl of the 
newly developed filter combination, Hie citanlum/antlwony filter towbinntion 
fills in the missing wavelength range In the baueline BlfVK covarage and does 
so with a factor of five greater sensitivity than the other BUVE bandpaases, 


EUVE MINIMUM DETECTABLE FLUX VS, WAVELENGTH 










V. QUALIFICATION 


Tho excellent transmission characteristics and potential EUVE 
sensitivities described in the previous sections are of course useless unless 
the titanium- antimony sandwich foil demonstrates acceptable longterm stability 
and mechanical strength sufficient for spaceflight qualification. The 
Ti/Sb/Ti filters have therefore been subjected to extensive testing of these 
characteristics. We describe here the tests of moisture-sensitivity, 
longterm transmission stability, and mechanical strength passed by the new 
filter. 

A. Moisture-Sensitivity 

We present hero excerpts from the report of the development sub- 
contractor, Luxel, of the humidity testing of the titanium-antimony sandwich 
filter. This test is crucial to the qualification of a flight filter. 

Though the EUVE filters will be launched in vacuum, they will of necessity 
be exposed to the standard laboratory environment during testing and 
calibration unless extraordinatry measures are taken. 


"Aging CharacL' t ■ -.-xc of Antimony Type XUV Filter Foil" 
Gordon Steeie/1 uxel Corporation 


Intro r ^uction 

Submicron tliick metal foils, employed as filters or windows for instruments 
functioning in the extre.ne ultraviolet and soft x-ray region of the spectrum, 
present special problems in common with their fabrication. Perhaps foremost 
among these is tlieir pronuncss to develop 'pinholes'. Such pinhole defects 
may leak white radiation or may vacuum leak gas from a cell. The particular 
proneness of these foils toward this end is due their chemical reactivity in 
the presence of atmospheric moisture and their extremely thin nature. Many 
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niftahi vhu-h au* ualtul lor tlu'h amahUUv hi tlio tMirliH atiiu'Hptuni' in 
'inaf.f.lw' imm aiv umuablv in mibmUnnn ihii'k inll iinni. Thn risunni inr 
this in that clu' I'riHm't ivo I'Nlvla lavnr imnuHl un uuhaln in tlu'Jr maHHlvn 
Ivnm ufuiallv ajianodfi t hn total Ihioknomi ot mibmioron ioUn. Dotormining 
tho vUiiabililv am! inaotiv'alitv ot novi' iiuiariahi, oj iiUiU'OHt toi* tlu'lr 
.'HH'oial i'l'tiiMl projH'ii Ion , its aohiovoii by oNj'OHing tlio ioil iiuitorial to a 
ntamiaivi Jogi .ultng ov v Uvimont ami nioannring tho vlaihlo light loakago an 
.1 lunotion oi tlmo, buoh in tiio .snbloot ot thin roport wlu'roin tho ilonifod 
inatortal fa a mot a I toil ot antimonv ami titanium. 

Ih .nonsfiion 

I’iuhoioa romiUing loom ohotuioal action bolwoon a motal foil ami tho ganoonn 
onoironmont toom with point attack mich that a certain amount of time la 
toquiroi! to ponotiato the toil ami thoroaftor tho oxidation procomln laterally 
in a 'eurnlng granti' type oi growth, Inoroanoil tramaninnion with aghig in 
ihu’ to onlargomont of initial pinluUon with very tow now onon forming. 

Ivpioallv the initial nt.igo ishow;. very little pinhole trannmin'aion, but after 
thin pha>U' tlio t r.inraninnion incroanca rapidly toneme apparent plateau 
with .1 dvitt incroane thereat tor. 

1V(' tvjH's oi pinholen renult tiom thlr. action; virtual and real. Virtual 
pinholc!!, point leakn ot vhiible light a tew humlrcda of nanometern in 
di.nneter, are determined bv bI‘M to he exidieed metal structurally retiiinevl 
within the toil. tUoicimetrIc oxidation doen mU occur initially and thun 
vinible t latuiminn i on i.n primarily in tlu' red, hidviequcnt ly , »t rennon developed 
through volumt* change in converniou to the oxide breaka the ositle out of the 
loil and a hole or re.il pinhole, a lew tlumnaml!! ot nanometera in diamefer, 
n>.nu Ilf!. 

I'inhole loimation in fsuhmlcron toiln tJeemn to occur at (selected niter.. It* 
ir. believed that t liene are annoci.ited with ii screw dinlocation growth of 
the loil during lorm.ition, Tht> principal tacior contributing to pinlioless 
in n'l.itivo humiiiity. Traee auun.ntn ot acid torralug ganon nuch at! carbon, 
(julphur and nitrogen oxide gjuie.n and part Iculatcn tike n;!lt have an aecei- 
erat ing etteet in the prentmee ot uiointnrt', hut mnu> when di*y. Tliorefore 
te.nt aging ot toi In lor pinholon dewlopnu'ut in done witli an oxpo.nuro to 
air ad junted to some eomslaiit rt’lallve immidllv hv a conntant R.ll. nohu ion, 
i'.iri’ munt ho exereined in neleetien ol a R.ll. nelution niuce mofst of tho haml~ 
luH'k reeeimiunidat i eun reprent'ut a partieul.it eeneenl r.il ion of niiltn whieh 
lull ter the R.ll. at neiue denirinl level, thir Wiuk 1 iiuin tlut nlgnltieaut ami 
v.u i.ihle amount!! ol .leid ga.nen exi.nt in iH|ui Ubruim wi t h thene nolutionn 
ti.e, t'lU ovet' Kpt'd^ .solutioul whieh uurt'li.iblv .iceeler.Uen the re:ui1tn, 

Tlti'i e t vue thin Iviber.itvny emi'levn a 'ele.m* eoiuit.uvt R.ll. .u|ueeun nolution of 
niHlium hydroxide reeec,iu .♦ iug th.it it net enlv .uUnntn tlu' water vapor 
eentent init remove!! .inv ,ieid g.in ti.icef! lh.it mav be pi-i'netU in .i labinMtm’V 
enviornment (and ahse, one might ,idd, the natural t‘0,, In olrl. F.xtennlve 
tix'iting ban nlu'wn mofit (.ubmieien toil m.it t'r i.i In do net dovoUip fiignitieant 
ptuholen an hvin th.m .'O' R.ll. v'ver an exporure ol three iiunithn. At hOfi 
R.ll,, elioften .in ,i prebab!'' value ter m...;! liold envi renmeiit n , tlu' Initial 
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or ' JmUh'l iim' lor .ilumlmuu LnU» iibouL ono work aflor whioh a throe 

lU'oado Inoro.au' ooeura. Indium ami tin on the othorhaml have imluetiou 
phasH't! ot about thriH' diiya with auluuHiuont rapid dotortoration over a four 
deeade inoreafie. Initial ptnholo traniimi.sn loins are generally about of 

ineident light. Alter nln weekn, pinhole I raniiminniona are typieally 10-h to 10“'’, 

Timt s and Ibnuil t s 

It wan derided Irom experimental eonHlderationn that a filter eonipriHOd of 
dUOTi/l‘'OthUv/dUOri toil would be optirally suitable. Hueh a foil and filters 
thereoi were fabrir.ited and tested. Representative filters were stored in R.li, 
buffered rlosures at b0‘’.>, and -I!".; (dosieated) environments. From time to 
time, over a period ot six v^eeks, the filters were removed for measurement 
of white light t r.insmisslon in a PM photometer having a dynamic range of 
four decadi'S. Initial transmission ofeaeh of the filters was 4.0 x 10“9 of 
ineident light. The data, shown in Figure 1, demonstrates that the XUV 
foil material 'dOOTf /IbOlKSh/dOOTi is very durable tewar-d pinhole aging due 
to moisture, Over the period of tlu* test no degredation was observed 
within t Ir’ senr.it ivlty range of the photometer (1 x 10“'*). For eomparatlve 
purposes Figure 1 also Includes the di-gredatien whleh would be typical for 
a l')00Al:.Sl XUV foil similarly expos, nl to nO':: R.H. 

UoneluHion : 

1. Pure antlruonv foils are unsuitable as .XUV flltei'S from two practical 
points of view. First the evaporative Leelmiijues used to prepare snhmlcron 
foils vesiflls in foils of mol tied red tramunission when IbOO 'R thiek. .Seoond, 
piuhole-free antlmenv films are dil'ncull to fahrie.-ue due to their high 
sen.'i 1 1 ivi ly to .Umospherle moi.sture, 

d. Providing 200 H tliick films of titanium as a mielenting surface and as 
an overcoat results in a .sandwich loil of antimony ISOO S thick which is 
wry op.ique to visible lipjit ami umuaially I’e.ststcjnt to pinhole formation 
when exposed to a bO'.j R.li, envi rennu'ut . Tins Lit.mium-ant imony lamlmmt 
loil di'iiunisirat es aging characteristics which ai’c superior to aluminum tvpe 
XUV fillers. 


1\. Tisms'iiii ss i on R t aj' i 1 i tv_ 

The t ransmissieus of the filtiws were measured again one year after 
the Initial measurement.s described above te ascertain the longterm stability 
of the titanium and sandwich lilters. During that period the filters were 
expesiul to tlie lalnn-atory environment lor a few weeks and stored in dry 
nitrogen for the rest ot the time. 

The results demonstrate remark. ible .stability, particularly for the 
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Ut ir:>'nv ^ oinhinat u'ti. In t!u- I'.nuip.isH as tin- sarndwii'Ii iillor Liu* 

! rau’.sniuiiiim Ji'ait'.isiul bv a maMnnm .nuaunt al !V , whih* In tin* winj'.K tlu* 
t i a*,i;ini;i;siv*u liaari'.isad hv a ruixtr.um oi Tin* aarraupanvlin}* maximum 

liiH-iiMtii's lar ihi‘ liHn' X titauitur. liliai .in* l.V'. in t lu* bandpatu! and 7lKi 
in t ho will}'..*!. For tin* >00 X titanium tilti»r tho ivsulLji aro UF'', in Iho 
bandpanu viud lb', iu tlu* tdnp,.-!. Ol paitioular iutoront i.n that af no 
wavoK'Uv',1 h did tlu* winp. ti.mrmifiaii'n opon up to indiv’ato tlu vo'Vi'lopmont, 
ol piuholoa, Rathor tin* p.onoiMl bohavior i.s lor tin* iMtio ol bandpaan to 
tv-inp. t raiionviauiou to prow ovou hipjior. 

riiia .at ability i.a I'xoo i >oiit wlion oo!.!|Mrt*d Kit’a proviouslv tuu*d I'UV 
liltv'ia, bt.md.ud I lit or?: ;iuoli .is .ilumiman, tin, .imi indium .shoiv* t r in.s- 
misasiv'u drops in tin* b.nuip.t;*..; ot .'t^' in v-ulv throo months, lloiu'o it is 
oouviait ion.il tv* proouro tlipht iilti't!! as iati* possible boloro launeli or 
bitoro flu'V I'an bo .stored in v.iouum. Iho t i t ,mi um-.mt imony .sandwieh, with 
its .supeiior lou;*.teiui .‘U.ibilitv, thoiv'tore li.is no do ! et or i I'u;: imp.iot on the 
FIAT 1 liter stor.ip.i' i eijui remvavt s or delivorv Sviiedule, 
t'. ^!oo!l.miv^ll .'It i on;’.l li 

i'o determine t lie moeh.iui e.t I aoeept .tbi I i t y ol the newlv developed filter, 
the tillers were vibr.it ion tested .it N.\MA Ames Ih'seareh t'onter, Tho 
lilters test''d had been i-u'uuted !'v Ivixel in the stand. rrd m.iuner tlu'V liave 

developed tor thin i i liu lilt ore.. The loil.s ai’o nlued to .in bt^’’ transpaient 

liiu-lv sp.ieed niekol mesh plmul .aotau! tile edpei: to ,i ripid ir.imo. Often lor 
lilior.s irsod iu sp.ue resisireh .1 bt*.id .’1 vU'mpli.mt »>po\v i.s pl.ieod .irouml 
the ed.pe of the filler .tiul ! i It ei it.r.-o. rhiii preoedure (.o. tiled imirpininp') 

pre.it ly rtsluee:'. the stii* o; on tho *' ’*er bv di.st ril'ut Inp tlu* lo.uls at the 
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Tlu' nUi'ns iU launch avc mibicctcd in two types of stress, vihraiionnl 
and acoustic. The extremely hip.h st rcnp.th-to-’weip.ht ratio of the foils 
and meslies enables tliem to withstand extremely high levels of Vtbrafional 
loading. The acoustic stress tmids' to be much more severe. The EUVK 
filters will be launched in vacuum boxes with the detectors, eliminating 
the acoustic loading, 

The vibration testing at Ames was performed with the 16 mm dlvimeter 
filters used for the t ran.smission mea.surements. These ai’e probably smaller 
than the F.bVK flight filteir,, which mav be us large as 'dl-bO mm in diameter. 
However, the test was extremely conttervat i ve in two rt'gards! the filters 
tested were not margined and the test was performed in air, rather than in 
a vaciium box. The large factor oi increased stress from tlte presence of 
the acvHistlc huiding more than compensates lor the increased stress resulting 
from lifting larger lilters. Hence we consider the lest as a whole to be 
consi'rvat ive with regard to the requirements of the KHVK flight filters, 

Vibration testing was performed to the qualification levels of random 
vibration and .sine sweep tor the space shuttle. In addition, the filters 
were ;uihjeeted a large aiu['lltude sinusoidal vibration at a constant low 
fivquency, Thifi test has been used on some previous launch programs as si 
simulation ot IHl acceloral ions. Hi'cciflcat ions lor all three tests are 
given in Table 1. 
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VI. CONCUSSIONS 


1. Both pui‘t* titonluiu and tltanium/antliiumy combination JfiltcH's have 
been fahricued. The tabrlcatlon proce.aa la now well understood and 
filters of different thicknesses should present no pi-oblem. 

2. The transmission properties of the two materials 1.' combination and 
separately liave been determined. With this data, the optimum filter design 
for KUV instruments using, these materials can be determined, 

3. The optimum titanium/antimony UIVE filter has been desig.ne.d. With current 
design parameters and telemetry availability the optimum combination 
consists of 700 % Ti/1000 K Bh/700 R Ti. In combination with previously 
developed filters, the resulting, sensitivity and spectral coverage offer 
dramatie improvement over the original KUVE design. The optimum EUVE 

filter complement now consists of parylene N, alumlnum/carbon, 
ti tan 1 urn/ antimony , tin .md Indium filters. 

4. Tlu' titanlum/antimony combination filter has undergone extensive, 
testing, of moisture sensitivity, longterm transmission stability, and 
mochanical streng.tlu In all areas, the new filter demonstrates qualities 
equal to or superior to those of previously qualified EUV filters. 

5. The new filter material has no impact on KUVE cost and schedule. 

Price and delivei*y of titanlum/antimony filters will be similar to those 
of the other EUV filters. 
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EUV EXPLORER tMSTRPHENT 

[ Preliminary Working Draft 5/15/80 

Description and Requirements for Shuttle Launch 

i.O Management Summary 

1.1 Payload Title - Extreme Ultraviolet Explorer (ROVE) 

1.2 Funding Agency - NASA 

1.3 Key Personnel 

Prof . Stuart Bowyer 415/642-16^8 


Dr. Roger Malino -2693 
Dr. Frank Paresee -3524 
Dr. Mike Lampton -3576 

Mr. Hank Heetderks -5890 


f Space Sciences Lahoratory 

University of California 
Berkeley, CA 94720 

2 ’ 0 Payload Dcscrlpcion 

2.1 Purpose 

To conduct a sensitive astronomical survey of the entire celestial 

O 

sphere at EUV wavelengths (70 to 900 A). 

2.2 Technique 

Four telescopes with detectors will bo mounted on a spacecraft 
suitable for a Shuttle launch* The imaging grazing incidence optics with 

organic and metallic thln-film filters will be sensitive to selected 

0 

bandpasses in the 70 to 900 A region. One telescope will feed a gas propor- 
tional counter (PC) detector, the other three will feed micro-channel plate 
(MCP) detectors. Three telescopes will scan the sky at right angles to the 
spin axis, one telescope will point along the spin axis in the anti-solar 


direction. 


2,3 Teleacop«s Complimant 


All telescopes are Wolter-Schwarzschild Type 1 



Scanner 1 

Scanner 2 

Scanner 3 * 

Pointer 1 

Optical diiimeter 

63,5cm 

63 , 5cm 

63.5cm 

63,5cm 

Flange diameter 

76cm 

76cm 

76 cm 

76cm 

Focal length 

50cm 

50cm 

80cm 

50cm 

Geometric area 

-laOcro^ 

•7cr 2 
180cm 

lOOcm^ 

740 5 
ISOcni 

Field of view 

3“ 

3* 

3" 

3“ 



0 


9 

Wavelength 

600 A 

300 A 

200 A 

300 A 

Detector 

MCP 

MCP 

PC /MCP 

MCP 

Overall length 

lOOcm 

100cm 

I60cm 

100cm 

Filters 

2 

2 

1 

compound 


* Deslp.n contlnsent upon Snnoocraft pomnnr^1^illtv^ Optimum tieslsn lifted hero. 
Shorter overall lenv»th^ n*"'- possthle to a minimum of 100 cm. 


3 • 0 L aunch and Orbit Charge ter iatlcs 

3.1 Launch Window - no restrictions 


3.2 Orbit Parameters 


550 + 50 In, 28. '’5 inclination 


3,3 On-orbit life - One year 


^ * 0 On-o rh it St.ibiliration and Ori enta tJjuri 

4.1 Look Direction - anti-solar for pointing telescopo 

perpendicular to sun line for scanning tele.scopes 

4.2 Attitude Stabilization 


Solar spin stabilized at 4 rpm max (1 8000 bps/telescope with 
optimum spin race dependent on the telemetry allocation. 

Spin axis controlled to + 1° and knowledge to .05“ 


4.3 Atcicucla Dotcrroinocion 

Final deCerminatlon pf spin axis and telescope line of sight 
after all error contributions, should be ,1* 

5.0 Mechanical Description 

5.1 Preliminary telescope and MCP detector design Is given in 
Drawing 78000-R-P 

5.2 Weight 

Each assembly of telescope MCP detector Is estimated to weigh 
150 kg.*^ Additional experiment support equipment (C+DP, harnessing, etc,) is 
estimated to weigh 30 kg. 

5.3 Moving Mechanical Assemblies 

Dust covers over telescope entrance annulus released with N’Sl 
powered plnpullers. 

Vacuum box door on each MCP detector operated by a reversible 

DC motor. 

A sunshade over each detector will close in case of loss of power 
or loss of spacecraft orientation. 

The PC instrument will have a small mechanism to exchange 
detector units. 

5.4 Materials 

5.4.1 Only proven or approved materials will be used, including 
organic compounds meeting the requirements of NASA-SP-R-0022A, All metals 
will be passivated. The bulk of the Instruments will be aluminum 6061-T6 or 
Stainless steel 300 series. 


* Scanner 3 is estimated to weight 175 Kg. 


5.4.2 Magnetics 


The Inscrumentt are not magnetically sensitive. Each 
MCP telescope will have a magnetic "broom" at the rear of the mirror. The 
broom will consist of 6 kg of ceramic magnets. The external field is estimated 
to be less than 1 gauss at 18 inches and less than ,l gauss nt 36 inches. 

5.5 Ground Handling 

Each telescope is dust tight and will bo purgablu with GN,^. Each 
MCP detector will have a roughing pump port to which our GSE will need access. 
The PC detector will have an aecessible gas port and relief valve. 

5.6 Design Criteria and Testing 

Criteria and testing will he to recognized and approved NASA 

standards. 

5.7 Telescope Alignment 
Initial mounting; 2® 

After vibration testing; 1 < .5® 

After launch (Ig to Og, +20"C to -5®C); A < .5® 

On-orbit changes: A < .1® 

Star and/or sun sensors with respect to telescopes; <.l® 

5.8 Thermal Environment 

Electronics; -10®C to 40®C operating 
-30®C to 60“C survival 
Telescope to detectors; A < 5®C 

^ ® E 1 e. c t r 1 cal He sc r i 0 e 1 o n 

6.1 The space.eraft will Interface to a central Command and Data 
Processor (CH)P) box, which will then communicate wich each detector. The 
C+DP will accepc commands and power, and will buffer data from each detector 
to the spacecraft. 


6.2 Powir 


+28 + 4 VDC on laulcipie buiea 
Each ccleicopc: alcccronics 

vac-ion pump 
optica heacev 
detector heater 

DC motor 


20W 

10-20W 

10-50W 

lOOW, sunlight only, one detector 
at a time 

15M 


The electronics are operated whenever science or housekeeping data 

is required. Vac-ion pump operation is only when the detector box door la closed, 
which is a ground opci*utlon, but may also be done in flight in ease of unexpected 

detector problems, The DC motor opena/cloaes the detector box door (about 10 
seconds per operation, whidi ahould occur only once per telescope at the beginning 
of the mission or as a result of unexpeeted detector problems). Optica heater 
operation is only for the early mission optica bake-out. Detector heater operation 
will occur infrequently in flight. 


C+DP ; 2W 

Star scanner (2) : 4W (Ball Model CS201) 

Sun sensor: IW 

6.3 Nominal power profile: night 87W 

day low 

6.4 Electrical interface 

The Interconneetion of instrtmients, C+DP, and spacecraft is flex- 
ible. However, some, basic conventions and design rules which we have followed 
in the past Include: 

All Interface, lines between experiment and S/C should have the 
appropriate isolation. The digital signals are via optical isolators. Analogs 
are buffered with respect to a -eferenee ground. Bilevels are from isolated 


relay contacts. Pulsed commands are to latching magnetic relays. Sensitive 
signals or high-freque..cy lines have the appropriate shielding, grounding, 
and filtering. 

All power lines are to isolated DC/DC convertors via shielded 
twisted pairs. Fault isolation is provided by redundant fuses. The single- 
point ground convention is observed. All high voltage supplies are with re- 
spect to local chassis grounci. 

7.0 Data Handling Requirements 

7.1 Serial Digital Interface (Redundant) 

Output! standard "3-wire" interface, 16 bit words 

2 to 10 kbps for each telescope, science data, highly 
desirable 

300 bps, housekeeping data (see 7.2 and 7.3) 

10 bps for the star scanners 
1 bps for the sun sensor 

Input: standard "3-wire" interface, 16 bit words as necessary 

to command the C+DP box 

The format is flexible; NRZ-L, positive logic, TTL compatible 
logic is satisfactp" • 

7.2 Analogs 

The housekeeping analog monitors can be either multiplexed to the 
S/C TM system, or they can be digitized (8-bits) and inserted into the serial dat 
stream by the C+DP. The analogs will span 0 to 5V. There will he inn annlovs. 


Each Telescope: 

Suggested 

Sampling Rate 


1/sec 

1/min 

Dust cover 1 position 


X 

Dust cover 2 position 


X 

Door position 


X 

Pulse height 1 

X 



V 


(v 


Each Telescope; 

Suggested Sampling Rate 


1/sec 

1/mln 

Pulse height 2 

X 


Dead time 

X 


Count rate 

X 


Discriminator 


X 

Temp 1 


X 

Temp 2 


X 

Temp 3 


X 

HV 1 

X 


HV 2 

X 


HV Current 1 

X 


HV Current 2 

X 


Pump HV 


X 

Pump Current 


X 

Heater Current 


X 

Spare 1 


X 

Spare 2 


X 

Additional for the PC Doteetor; 

Pressure 1 

X 


Pressure 2 

X 


Temp 1 


X 

Temp 2 


X 

Valve position 1 


X 

Valve position 2 


X 

CP+DP ! 

Telescope 1 curronc 

X 


Telescope 2 current 

X 


Telescope. 3 eurrent 

X 


Telescope 4 current 

X 


C+DP current 

X 


Star scanner turront 

X 


Sun sensor eurrent 

X 


Star scanner output 

X 


Sun sensor output 

X 


Artificial stimulus rump 

X 


Spare 1 


X 

Spare 2 


X 

Spare 3 


X 

Spare 


X 


7.3 Blleveli! 

The houRekeep ing bilevel monitors can be eitlier multiplexed to 
Che S/C TM system, or they ran be buffered and inserted into the serial data 
scream by the C+DP. The bilevols will be either 0 or Ref volts, 
be 100 bilevels. Suggested sampling race: l/minuce. 


There will 


Each Telescope: 


Door Enable/Disable 
Door Open/Close 
Discriminator 2/1 
HV 1 On/Off 
HV 2 On /Off 
HV MSB Hi/to 
HV LSB Hi/Lo 
Data processor A/B 
Data A switch 2/1 
Data B switch 2/1 
Rate shutdown On/Off 
Heater On/Off 
Pump On /Off 
Quadrant 1 Blanked 
Quadrant 2 Blanked 
Quadrant 3 Blanked 
Quadrant A Blanked 
Spare 1 
Spare 2 
Spare 3 

Additional Cor the PC Detector; 

Heater 1 On/Off 
Heater 2 On /Off 
Valve 1 Open/Close 
Valve 2 Open/Close 


C+DP : 


Telescope 1 On/Off 
Telescope. 2 On/Off 
Telescope 3 On/Of C 
Telescope 4 On/OfC 
Sun sensor On/Off 
Star scanner On /Off 
Threshold Hi/Lo 
Artificial Stimulus On/Off 
C+DP On /Re set 
Command Error Yea/No 
Error Reset Yes/No 
Synch Yes /No 
Spare 1 
Spare 2 
Spare 3 
Spare A 


8.0 


Command Syacom 

8.1 Most conmmnds will bo by 16-bit word transmitted from the H/C TM 
system to the C+DP. This will allow great flexibility in conmmnding the four 
instruments and in reprogramming the C+nP or troubleshooting. The S/C will be 
responsible for general power bus control and for the firing of all pinpuller/ 
NSI devices, 

In addition, 50 discrete +28V, 100 millisecond pulse conmmnds 
are required. These go to critical latching relays and will be used in the 
event of catastrophic failure of the GiDP. 

Each Telescope: 

Door Enable. 

Door Open 
HVl On 
HVl Off 
HV2 On 
HV2 Off 

Rate shutdomi Off 
Heater Off 
Pump Off 

Additional for the PC Detector: 

Heater 1 Off 
Heater 2 Off 
Valve 1 Open 
Valve. 2 Close 


C+DP: 


Telescope 1 On 
Telescope 2 On 
Telescope 3 On 
Telescope On 
Sun sensor Off 
Star scanner On 
Artificial scimuUis Off 
C+DP Reset 
Error Reset 


1 


I 


8t2 Conunand Froquency 

Nominally oxparliuont: commanding will only be done once per civil 
day. However, conmmnding every rev may bo required during troubleshooting, and 
during troublcsliootinp, and during tlie early days of the mission involving 
experimonc initiation. 

9 . 0 Safety 

9.1 Pyrotechnic Devices 

Low energy pyro devices are used on each telescope. Space- 
qualified pinpullers energlKcd by NASA Standard Initiators (NSI's) are used 
to release each telescopes' dust covers and. In ease of failure to open the 
detector box, to open the sunshade, and to exchange the PC detectors, 


> ( 9.2 Proportional Counter Gas 

I- . 

A space-qualified pressure vessel will contain approximately 

I 

1 kg of PC gas, nominally methane, at 1500 psi. 

F 

^ Ground Ope rations 

Full check-out of experiments and S/C systems will be required on the 

I 

1 ground during qualification testing, calibration, integration at the S/G con- 

tractor, and at tlio Sluittle launch facility. 

No special instrument test or check-out is required once the space- 
' craft is in the shuttle bay, during launch, or during EOVE orbital insertion. 


• 0 Pos t-I.; uinch Opera t i on s 

11.1 Real-time Data 

RT scientific data is not required except during the early 
mission check-out or in the event of failure and troubleshooting is required. 


RT housekooping data is required as the normal part of satellite 


operations. 

11.2 Production Tapes 

Computer compatible magnetic tapes with scientific, 
and aspect data are required. They will be sent to the Principal 
for reduction and analysis. 


housekeeping , 
Investigator 


